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Description 

[A VARIABLE FREQUENCY POWER 
SYSTEM AND METHOD OF USE ] 

Background of Invention 

[0001] The present invention generally relates to providing vari- 
able electrical power to a three phase electrical motor. 
More specifically, the present invention relates to varying 
electrical power to a three phase electrical motor based on 
varying frequency input turning an electrical generator 
which provides electrical power to the motor, in order to 
overcome variable conditions encounter by the motor that 
require a variation in electrical power to the motor. 

[0002] it j S known to use three phase generators to supply the 

power to drive three phase motors. Normally, fixed power 
supply systems using three phase generators are operated 
at a constant speed to deliver three phase electrical en- 
ergy of constant frequency to supply three phase power to 
three phase motors. There are currently two types of three 
phase fixed power supply systems in common use today. 



They are the 50 hertz and the 60 hertz power supply sys- 
tems, which are used to drive electrical motors rated for 
50 or 60 hertz operation, respectively. A problem with a 
single generator to supply power to a single motor system 
is that the large starting current required by the motor is 
normally overcome by sizing the generator as much as 40 
percent larger than the main motor load to be applied to 
the generator. If the motor-generator combination is less 
than 40 percent larger than the main electrical motor to 
be started, then the engine driving the generator usually 
stalls out when attempting to start the motor. Another 
problem with fixed power supply systems is that these 
systems can not vary the frequency of the output power to 
the three phase motor, if it is required. 
[0003] Some applications of three phase motors require a vari- 
able frequency output power to the motor, due to varying 
operational conditions required of the motor. An example 
is electrical submersible pumps used in the oil and gas in- 
dustry at remote pumping stations. Typically, these 
pumps are located where there is an inadequate local 
electrical power grid supply or even no power grid supply 
and it is a common practice to use an engine to power the 
generator on the well site to supply power to the electric 



submersible pump motor. The engines are usually diesel, 
gasoline, natural gas, or propane powered. It is known 
that for any given centrifugal pump the rate and head ca- 
pability of that pump is greatly expanded through the use 
of variable speed operation which is accomplished by pro- 
viding power in the form of variable frequency power to 
the motor of the pump. This allows a pump to fit a larger 
process application due to varying conditions during the 
time that the pump is installed. In the oil and gas indus- 
try, a pump can be installed in a well for up to three or 
four years before being worn out and requiring a replace- 
ment. During this time, the production from an oil or gas 
well can change for a number of reasons due to varying 
conditions, the following are some examples. There is a 
decline in reservoir pressure due to depletion of the well. 
There is an increase in reservoir pressure due to voidage 
replacement from injection wells. There are changes in 
fluid produced, as usually oil is decreasing and water is 
increasing in a well. There could also be an increase or 
decrease in gas produced in the well, which would affect 
the fluid production of the well. There are mechanical 
problems with the wellbore, such as scaling or paraffin 
etc., which could cause a production decline. Chemicals 



can be used to remove these mechanical problems that 
restrict production without removing the pump, which will 
result in a production increase. These varying fluid pro- 
duction conditions can be accommodated by the varying 
of the power supply frequency to the motor of the pump 
to maximize oil production from wells. 
[0004] when it is desired to operate a three phase motor at a 

variable speed the current method is to input the constant 
frequency three phase power from a generator to a three 
phase variable speed drive. Sometimes the variable speed 
drive is referred to as a variable frequency drive. The vari- 
able speed drive supplies three phase power at a variable 
frequency to the three phase motor. The variable speed 
drive allows the three phase motor to be operated at a 
variable speed in direct proportion to the variable fre- 
quency of the power supply from the variable speed drive. 
Sometimes a transformer is required between the variable 
speed drive and the three phase motor to provide a volt- 
age match required by the three phase motor. Fig. 1 
shows an example of currently used systems for generat- 
ing three phase variable frequency power to a three phase 
motor. The system includes an engine, three phase elec- 
trical generator, excitation controller, variable speed 



drive, transformer, switchboard, motor controller and the 
motor. The engine speed is controlled by a governor to 
maintain constant engine speed under varying load condi- 
tions imposed by the generator load and a fifty or sixty 
Hertz output requirement. The engine is usually mechani- 
cally coupled to the electrical generator, but other con- 
nections are also used. The generator voltage output is 
controlled by the excitation controller. The output voltage 
of the generator is electrically connected by cables to the 
variable speed drive. The output of the variable speed 
drive is electrically connected by cables to the trans- 
former. The transformer is normally of a multi-tap config- 
uration to provide the appropriate voltage required by the 
motor. The multi-tap allows for numerous motor combi- 
nations to be used, which also makes it easier to accom- 
modate the cable voltage loss associated with the wide 
range of cable sizes and lengths required to reach electric 
submersible pumps installed deep in oil & gas wells. A 
switchboard used as a power disconnect is connected 
along the cables between the transformer and the motor. 
A motor controller is an electronic unit used to control the 
frequency output of the variable speed drive as required 
by the motor based on feedback of varying conditions en- 



counter by the motor. The motor controller also controls 
the on-off function of the switchboard. The motor con- 
troller is connected by cables to the switchboard, and by 
cables to the variable speed drive to monitor, control, and 
adjust the power to the motor by numerous programmed 
parameters. 

[0005] There are many disadvantages to using a variable speed 
drive. Use of a variable speed drive reduces the electrical 
efficiency of the motor and creates harmonic spikes on 
the generated variable frequency power supplied to the 
motor. A variable speed drive reduces the power factor of 
the motor. A variable speed drive increases the waste heat 
generated in all the electrical equipment and wiring on the 
output side of the variable speed drive, including the 
transformer, wiring and the motor. A variable speed drive 
also requires more frequent maintenance compared to the 
rest of the electrical equipment in the system. Other dis- 
advantages are associated with the engine, generator and 
transformer, when using a variable speed drive. The en- 
gine needs to be sized at least twenty percent larger than 
the motor load to accommodate the high electrical losses 
in the system. The transformer must have a larger number 
of multiple voltage taps to anticipate changes in motor 



and cable requirements, which requires a more expensive 
transformer. The transformer core also needs to be about 
twenty percent more massive than standard transformers 
to handle the harmonics and low frequency operation. The 
transformer also needs higher insulation rating on the 
wiring to handle the high voltage spikes due to harmon- 
ics. The generator also needs to be about twenty percent 
more massive than standard generators to handle the 
harmonics and low frequency operation. The generator 
also needs higher insulation rating on the wiring to handle 
the high voltage spikes due to harmonics. 
[0006] it is an object of the present invention to provide a system 
and method to vary the electrical power to a three phase 
motor without the use of a variable speed drive between 

the generator and the motor. 
Summary of Invention 

[0007] a variable frequency power system with a power source 
having a rotating output and a speed control to regulate 
rotational speed of the rotating output. A generator cou- 
pled to and driven by the rotating output of the power 
source, whereby the speed control of the power source 
directly controls output power frequency of the generator 
due to control of rotational frequency of the rotating out- 



put. A voltage regulator connected between the generator 
and the motor regulates output voltage from the genera- 
tor to the electrical motor load. A system controller con- 
trols output power frequency of the generator. The system 
controller interfaces with the speed control of the power 
source and configured to monitor generator output and 
operational conditions of the electrical motor load. The 
system controller adjusts the speed control based on gen- 
erator output and operational conditions of the electrical 

motor load. 
Brief Description of Drawings 

[0008] pig. 1 is a schematic view of a power system with a vari- 
able speed drive. 

[0009] pig. 2 is a schematic view a variable frequency power sys- 
tem according to the present invention. 

[0010] Fig. 3 is a schematic view a variable frequency power sys- 
tem according to the present invention. 
Detailed Description 

[0011] The present invention is a variable frequency power sys- 
tem to drive a three phase electrical motor at the fre- 
quency, voltage and amperage, as required by the motor 
operation to drive a driven unit. The variable frequency 



power system of the present invention can be especially 
applied where the driven unit is an electric submersible 
pump used in the oil and gas industry. The electric sub- 
mersible pump is driven by alternating current (AC) three 
phase electrical motor which exhibits a non-linear rela- 
tionship between rotational speed and torque load due to 
the inherent characteristics of centrifugal pumping sys- 
tems. The variable frequency power system includes a 
generator driven by a power source. The variable fre- 
quency power system includes a specially programmed 
logic circuit in a system controller, which interfaces with 
the power source of the generator. The programmed logic 
circuit is designed to monitor and control the driven unit 
by monitoring the conditions of the driven unit and con- 
trolling the supplied power to the motor. The variable fre- 
quency power system can be programmed with startup, 
steady-state operation, and emergency shutdown param- 
eters for the driven unit. The driven unit is controlled by 
varying the voltage and frequency of the input AC power 
to the motor. The system controller would be responsible 
for adjusting and monitoring the generator output, and 
would adjust the generator to any voltage and frequency 
required by the driven unit within the effective operational 



limits of the generator. Not only can this equipment allow 
for desired steady-state operational parameters, it can be 
set up to allow for completely different parameters during 
start-up of high power draw electrical devices, such as 
electric motors, or to react to monitored inputs of the 
driven unit. The system controller of the variable fre- 
quency power system controls the generator speed and 
output voltage, it is capable of accepting inputs from ex- 
ternal sources to control the operation of the entire sys- 
tem. In the case of electric submersible pumps, current 
draw and pump operating pressures can be monitored 
and generator frequency and voltage can be automatically 
adjusted due to changes in those readings, including 
emergency shutdown of the pump, if needed. The variable 
frequency power system can also include a human-ma- 
chine interface. The human-machine interface can include 
a display screen and input buttons to allow an operator 
the ability to select desired operational and startup rou- 
tines, monitor operating system parameters, or to modify 
operational parameters as needed without requiring in- 
depth knowledge of the underlying hardware and code of 
the system controller. 
[0012] The variable frequency power system includes a power 



source, uninterrupted power supply, generator, excitation 
controller, system controller and switchboard. The power 
source drives the generator and is usually an engine, as is 
the case when powering a electric submersible pump in 
the oil and gas industry. The engine is designed and sized 
to operate continuously at the maximum power required 
by the motor. The engine includes a throttle that is regu- 
lated by the system controller. The uninterruptible power 
supply powers the instrumentation and control circuits of 
the system controller, excitation controller and all other 
electrical components in need of a constant electrical 
power source. Typically, the uninterruptible power supply 
is an inverter driven off of the engine battery or engine 
auxiliary battery, so that the electrical components are in- 
dependent of the main power supply output of the gener- 
ator. The generator provides electrical power to the mo- 
tor. The excitation controller is used to adjust voltage 
output of the generator to the motor and also includes a 
programmable logic so that the voltage is adjusted ac- 
cording to the frequency of the engine-generator combi- 
nation. Special logic circuit programs are used for start- 
up and normal operational ranges. The system controller 
also includes programmed logic circuits, which monitor 



operation of the system and control the throttle on the 
engine. In the case of the electric submersible pump, the 
system controller would monitor pump operating condi- 
tions. The switchboard provides the stop/start function of 
the motor and is usually rated for the highest voltage and 
amp capacity required. 
[0013] pig. 2 shows a system for generating three phase variable 
frequency power to a three phase motor. The system in- 
cludes an engine with the engine speed controlled by a 
throttle device. The engine is mechanically coupled to a 
three phase electrical generator. The generator is shown 
as a multi-tap voltage generator. The voltage output of 
the generator is controlled by the excitation controller in 
order to provide the appropriate voltage required by the 
motor. A switchboard is used as a power disconnect be- 
tween the electrical generator and the motor. A system 
controller is used to control the frequency output of the 
electrical generator by controlling the engine throttle de- 
vice, speed control settings and also controls the on-off 
function of the switchboard. The variable frequency power 
system also includes an inverter which supplies a constant 
electrical power source for the instrumentation and con- 
trol circuits for the throttle device, excitation controller 



and the system controller. The variable frequency power 
system controller is connected by cables to the switch- 
board and by cables to the engine to monitor, control and 
adjust the power to the motor by numerous programmed 
parameters in the system controller. 
[0014] pig. 3 shows another embodiment of the present invention 
for generating three phase variable frequency power to a 
three phase motor. The system includes the engine, the 
engine throttle device and is mechanically coupled to a 
three phase electrical generator. In this case, the genera- 
tor is shown as a single tap voltage configuration. The 
voltage output of the generator is controlled by the exci- 
tation controller. The output of the electrical generator is 
electrically connected to a transformer which is normally 
of a multi-tap configuration to provide the appropriate 
voltage required by the motor. The switchboard is used as 
a power disconnect between the transformer and the mo- 
tor. The system controller is used to control the frequency 
output of the electrical generator by controlling the en- 
gine throttle device, control settings and also controls the 
on-off function of the switchboard. The variable fre- 
quency power system also includes the inverter which 
supplies a constant electrical power source for the instru- 



mentation and control circuits for the throttle device, ex- 
citation controller and the system controller. 
[0015] The engine turns the three phase electrical generator de- 
signed for variable frequency operation. The generator is 
electrically coupled to the three phase motor. The throttle 
device is usually a combination of a throttle and electronic 
speed controller to control the speed of the engine, and 
thus control the turning frequency of the engine. 
Whereby, an increase or decrease in engine speed would 
in turn increase or decrease the frequency of generated 
three phase power being supplied to the three phase mo- 
tor by the generator. The excitation controller is a voltage 
regulator capable of varying its voltage output in a pro- 
grammable manner to the engine speed driving the gen- 
erator. The system controller interfaces with the throttle 
device and the excitation controller to monitor, control 
and regulate the desired operating parameters of the 
electric motor. The system controller adjusts the speed 
based on monitored readings and the desired operating 
conditions of the motor for any one particular drive unit 
application. The monitored readings can be from sensors 
at the motor or in the case of an electric submersible 
pump, at the pump itself. The uninterruptible power sup- 



ply keeps the monitoring, control and adjustment func- 
tions operating during large changes in the frequency of 
the electrical power being generated to power the motor. 
[0016] The generator can be set up with a single set of output 
voltage taps as shown in Fig. 3 or with multiple sets of 
output voltage taps as shown in Fig. 2. The use of multi- 
ple sets of output voltage taps at the generator eliminates 
the need for a separate transformer, which can be bulky 
and expensive, and yet allows for a wide range of output 
voltages to be produced. The operating voltage range of a 
generator with multiple sets of output voltage taps can be 
from several hundred volts to several thousand volts and 
can be generated at any frequency within the effective 
functional speed range of the motor-generator combina- 
tion. Again, generator output is manipulated by the exci- 
tation controller, which allows the system controller to 
control and monitor the output voltage of the generator 
anywhere within the effective operational range of the se- 
lected output tap of the generator or transformer. A gen- 
erator with multiple sets of output voltage taps can have a 
tap selection such as 1810, 2600 & 3640 volts or other 
suitable range of low, medium & high volts as is conve- 
nient to arrange during the manufacture of a given gener- 



ator unit, which can be fine tuned by the excitation con- 
troller to supply the correct voltage in a range from 
900-4200 volts to the motor for the operation conditions 
of the motor required by the drive unit. Also, a generator 
with multiple sets of output voltage taps can be fed into 
an external multiple tap transformer to achieve an even 
broader range of operational voltages, if required. 
[° 017 ] Since the output voltage of the variable frequency power 
system is monitored and controlled by the system con- 
troller, it is possible to adjust the output voltage of the 
generator independently of the output frequency. This 
flexibility allows the variable frequency power system to 
vary output voltage linearly with respect to frequency, or 
to maintain a fixed output voltage as frequency is varied 
depending on what is required by the load of the drive 
unit, a feature which is very useful during the initial start- 
ing of an electric submersible pump motor. The variable 
frequency power system allows the starting of high-load 
electrical equipment by controlling certain aspects of the 
engine-generator combination that was previously not 
possible to do accurately and consistently. The system 
controller of the variable frequency power system can 
control a startup sequence to start the engine-generator 



combination and run it at idle with no load for a specified 
warm-up period. Once warm-up is achieved, the system 
controller can begin a startup sequence by bringing the 
engine to a starting frequency, for example fifteen Hertz, 
and then give the engine the command to go to full throt- 
tle. As the engine ramps up in speed and reaches roughly 
half the final operating speed, the system controller en- 
gages the power to the motor of the drive unit. The final 
operating speed for many applications is expected to be 
in the 45 hertz to 60 hertz range. This start sequence 
eliminates the mechanical reaction time inherent to the 
existing engine-generator combination when a sharp 
electrical load is introduced. Another start up method that 
can be realized with the variable frequency power system 
is for devices with high startup power draws, by using a 
reduced startup voltage method. The system controller 
can control a startup sequence to start the engine- 
generator combination and run it at idle with no load for a 
specified warm-up period. Once warm-up is achieved, the 
variable frequency power system brings the engine to a 
steady operating frequency slightly below full operating 
frequency, for example approximately around eighty-five 
percent of full operating frequencies. Once up to speed, 



the variable frequency power system sets the excitation 
controller to a reduced output voltage in a range of fifty to 
ninety percent of the rated voltage to hertz ratio. At this 
point the system controller engages the power to the 
electrical motor of the driven device, holding the output 
voltage fixed at the preset reduced voltage regardless of 
engine speed change. After a given period of time 
elapses, the system controller instructs the excitation 
controller to ramp up the voltage to achieve the required 
volts to hertz ratio to be delivered to the motor based on 
the driven device. The system controller then waits until 
the system reaches steady operation at these settings be- 
fore bringing the system to the final operational speed. 
This second start-up sequence takes advantage of the fact 
that the inertia of the engine and generator is sufficient 
such that the engine speed will be reduced while it picks 
up the additional load, but before the engine reaches a 
stall speed, it will recover and return to the required set- 
ting of the Hertz selected for the power to be generated to 
the motor. 

[0018] The variable frequency power system allows for start-up 
modes to be designed to take advantage of the fact that at 
low speeds of about thirty Hertz, or about one-half of it"s 



full speed,, a diesel engine, or other similar engine driver, 
can produce up to fifty percent of its full load horsepower 
and up to sixty percent of its full load torque, while the 
electrical motor at this speed driving a centrifugal pump, 
only requires twenty-five percent of the horsepower of the 
engine. For the diesel engine to do this, the engine has to 
be at full throttle, so that the turbocharger is spooled up 
and giving the engine the required boost in power. 
[0019] it j S therefore envisioned that start-up needs can be con- 
figured as follows. Run the engine at no load for warm- 
up. Set the system controller for running the motor at de- 
sired speed or current limit desired. An immediate or slow 
ramp can be accommodated. When the system controller 
gives signal to start the motor, then engine needs to slow 
down to idle speed of about fifteen Hertz, and then re- 
ceives the signal to go to the set speed, and while the en- 
gine is under full throttle and gaining speed, then the 
switchboard engages the motor. About thirty Hertz would 
be a good point for engaging the motor. The engine will 
slow down slightly while picking up the motor load and 
then will continue on to its set speed or current setting for 
the motor. 

[0020] The variable frequency power system has many advan- 



tages over systems using a variable speed drive. The ad- 
vantages include increased electrical efficiency, no electri- 
cal harmonics, an increase in the electrical power factor, 
an increase in motor efficiency, an increase in motor load- 
ing capabilities, a decrease in motor operating tempera- 
ture, and less electrical stress on the electrical insulation 
properties of the motor windings and all other electrical 
wires in the main cable and generator. Another benefit of 
the variable frequency power system is it allows for the 
implementation of new processes which negates the cur- 
rent practice of over sizing the engine or generator. The 
variable frequency power system results in a package 
which is smaller and therefore easier to transport, lowers 
capital costs, is up to twenty-five percent more energy ef- 
ficient as a result of the elimination of the variable speed 
drive, harmonics and transformer, ultimately require less 
maintenance and provide of longer life of the system. In 
the case of electric submersible pumps used by the oil 
and gas industry, the incorporation of all these features 
into one package provides a system that can be used in 
remote locations without requiring the purchase of multi- 
ple devices which can be more expensive and much more 
bulky. The variable frequency power system includes the 



connection of the motor to an electrical centrifugal pump, 
an electrical fan or an electrical gas compressor pump. 
[0021] while different embodiments of the invention have been 
described in detail herein, it will be appreciated by those 
skilled in the art that various modifications and alterna- 
tives to the embodiments could be developed in light of 
the overall teachings of the disclosure. Accordingly, the 
particular arrangements are illustrative only and are not 
limiting as to the scope of the invention that is to be given 
the full breadth of any and all equivalents thereof. 



